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It will be noticed that when 

<$>2(tan / ± tan 5 ) sin i' cosec 2 15', 

the above construction fails, and x may be then considered as 
twice the abscissa of the point on the circle whose radius is 

2{tan l =F tan 5 ) sin 1' cosec 2 15', 

By making a diagram on ruled paper, the distance between 
the lines being taken as unit, the difficulty of measuring x and h 
is more or less overcome. 


A portion of such a diagram is represented in the annexed 
figure, c D being a portion of the curve 

y = tan x sin 1' cosec 2 15' 

described with c as origin, y being for convenience reckon ed 
negatively. 

As an example of its use, suppose it were required to find 
the reduction for latitude 17° N., declination 9 0 S., and hour- 
angle 12m. By using a pair of dividers the sum of the ordi¬ 
nates of the curve c D corresponding to 9 and 17 is found to be 


C 2 4 6 8 10 12 14 16 18 B 



7, and a radius vector of length 12 meets the circle of radius 7 
at a point whose abscissa is to. The required reduction is 
therefore 10'. 

Again, x being now expressed in minutes of arc (5) and (6) 
may be written 

h = - ^(tan l T tan 8) sin i' cosec 2 15' 

(tan IT tan 8) sin T cosec 2 15'. 

So that h and x are the lengths of the arcs of a circle and its 
involute respectively, corresponding to the angle at the centre 
whose circular measure is wj 6 o in the case of the Sun, and 
1 035771/60 in the case of the Moon. Now for the former body 
w will not in general exceed 20, and for the latter 38, so that 
we may assume for graphical purposes that in the case of the 
Sun tv is the number of degrees in an angle of circular measure 
ro/6o, and in the case of the Moon w is the number of degrees 
in an angle of circular measure I ’03570/60. 

Thus in both cases h is approximately the arc of a circle of 
radius 

(lan /Ttan S) sin 1'cosec 2 15' 

intercepted between the diameter and the radius which makes 
an angle w degrees with it. 

Having obtained h, x may be found as in the general case, or 
by drawing a tangent to meet the involute, as in the figure. 

In the preceding example, suppose the ship to be steaming 
south 20 knots, the declination decreasing 160" per 10m. Here 
tv = - 36. By laying off at an angle of 36°, the intercepted 
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arc bd is found to be about 4*3, and by drawing the tangent at 
b the intercepted arc of the involute is about 1 '3. The hour 
angle and reduction for the maximum altitude are therefore 
4m.'3 and i'*3 respectively. 

The graphical method considered above will be found to 
give results which, although approximate, are sufficiently 
accurate for purposes of navigation ; in fact, if the diagram 
be constructed on a large scale, the reduction may be easily 
obtained within fifteen seconds of the truth. 

H.M.S. Hawke , Mediterranean. J. White. 


Table of Elements. 

IN ORDER OF ATOMIC WEIGH TS- 


Argon and the Periodic System. 

The annexed engraving is a copy, on a small scale, of a large 
diagram which I have used with advantage for some years in 
dealing with the periodic classi¬ 
fication of the elements. It 
may prove of some little interest 
to your readers who are actively 
discussing the probable position 
of (t argon ,” on the assumption 
that this remarkable substance 
is an element. 

To the left of the illustration 
is a scale of equal parts, and 
the dots indicate the atomic 
weights of the elements the sym¬ 
bols of which are placed farther 
to the right. The latter are ar¬ 
ranged in zig-zag fashion so as 
to exhibit the periodic rise and 
fall in general properties, ob¬ 
served in each set of seven 
elements. A certain analogy 
may be traced between these 
periods and the loops into 
which a suspended cord of 
somewhat unequal weight can 
be thrown when set in vibra¬ 
tion. Each small loop pictures 
for us a small period ; and, just 
as the alternate loops are those 
which are in the same phase at 
any given moment, so the alter¬ 
nate periods of the elements are 
those between which the closest 
resemblances can be traced. 

The members of Mendeleef’s 
eighth group, or the “ triplets,” 
as they are sometimes called, 
viz. Fe, Ni, and Co, with atomic 
weights from 56 to 59: Ru, Rh 
and Pd, 102 to 106 : Os, Irand 
Pt, 191 to 195, seem to form 
another system of elements 
which—to pursue the analogy of 
the vibrating cord—-is related to 
that of the other elements some¬ 
what as a given note to its 
octave. On carrying the eye 
along the curves it will be seen 
that the atomic weights of trip¬ 
lets occur nearly opposite to the 
points of maximum displacement 
of three of the greater loops. 

We know very little as yet about 
the elements the atomic weights 
of which lie between 140 and 
180, hence we cannot recognise 
the triplets the atomic weights 
of which should be near to 150; 
and a similar remark applies to 
the elements above 210. But 
the distribution of the triplets 
throughout the whole of the best- 
known elements is so nearly 
regular that it is difficult to avoid 
the inference that three elements 
should also be found in the symmetrical position between 19 
and 23, i.e, between fluorine and sodium. And further, that 
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these elements—of which “argon” may be one—should exhibit 
properties differing chiefly in degree from the alternate palladium 
and platinum triplets; while hydrogen would appear as the 
primary of both systems of elements. 

Dr. Gladstone’s letter, which appeared in your issue of 
February 21, admirably puts the reasons for preferring an 
atomic weight of about 20 for argon to the higher number 
which Lord Rayleigh and Prof, Ramsay are now disposed to 
assign to it; but Dr. Gladstone seems to think that there is room 
for only one element, whereas three are possible, as I pointed 
out. at the Oxford meeting, for the reasons given in the foregoing. 

It will be seen from the illustration that an element with an 
atomic weight between 36 and 39 would belong to a third 
system of elements. Rut the sole ground for concluding that 
the atomic weight of argon lies between these points, is the 
ratio of the specific heats as determined by Kundt and Warburg’s 
method. Lord Rayleigh and Prof. Ramsay found this ratio to 
be nearly equal to that afforded by mercury gas, the molecule of 
which is monatomic and density only half its atomic weight; hence 
they conclude that the argon molecule is monatomic, and that 
its density of nearly 20 represents but half the atomic weight. 
Now, while any opinion on this point, coming from the dis¬ 
tinguished discoverers of argon, is of the highest value, it seems 
possible to attach undue weight to the very slender evidence 
afforded by the specific heats, for mercury at present is the only 
one of the known cases of monatomic elementary molecules in 
which the ratio of the specific heats has been determined. But, 
even admitting that the energy of the mercury and the argon 
molecules is chiefly translational, it is still conceivable that the 
argon molecule includes two atomic vortices so closely inter¬ 
linked as to have a common centre, and therefore to enable the 
molecule to simulate a monatomic character. Such a structure 
would be consistent with great stability and, consequently, with 
exceptional chemical indifference. J. Emerson Reynolds. 

Trinity College, Dublin, March 19. 


Variation in Caltha palmlris. 

Reading the notice of Mr. Burkill’s paper on “Variations 
in Stamens and Carpels,” in Nature of February 7 (p. 359), 
I remembered the following notes on Caltha falustris, which 
my wife and I made at Corfe, Dorset, June n, 1891. 

C. palustris ; heads in pairs on a dichotomously branching 
stalk ; number of follicles in each head, counted in several 
specimens, as follows :— 

7 follicles on one, 4 on the other, of a pair. 8—5, 5—7, 
S —6, 6—6, 6—7, 7— 5, 9—9, 10—8, 11—8 , 9— 6 . 

Thus there is great variation. One stalk is longer than the 
other, of a pair, and it is presumed that in every case the 
shorter one flowers first. It will be noticed that in the above 
eleven instances, only two had the same number of follicles on 
both stalks. Of the remaining nine, three had most follicles 
on the longer of the stalks, and six had most on the shorter. 
Those on the shorter stalk were larger than those on the longer, 
presumably because older. 

A second memorandum gives the results of fifteen more 
counts, all taken at random, thus (L. = longer, S. = shorter 
stalk);— 


with most follicles. 

L. and S. equal. 

S. with, most follicles. 

L. S. 

L. S. 

L. S. 

5~4 

8— 8 

4- 6 

4- 8 

9—8 

5 — 5 

6- 7 

9—7 

10—10 

8—10 


7- 7 

9—10 


10—10 

7- 8 

4 — 5 


It accordingly appears that the later-flowering, longer-stalked 
head produced more follicles in just half the number of cases 
counted (13 out of 26), and the shorter-stalked head had a 
majority in only 5 cases, the remainder being equal. 

In a Bidens found at Rarbadoes (West Indies), on July 6 of 
the same year, there were similarly two heads, a long-stalked 
and a short-stalked, the latter flowering first. It would be in¬ 
teresting to get statistics of the numbers of akenes in the heads 
in this. The species was not certainly determined, but it is of 
the section of B. bipinnata . T. D. A. Cockerell. 

New Mexico (U.S.A.), February 24. 
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DR. M. FOSTER ON THE TEACHING OF 
PHYSIOLOGY IN SCHOOLS} 


T HE teaching of science in schools has, it seems to 
me, two uses. The first is what I may call the 
“ awakening ” use. Many minds who feel no interest in 
the ordinary subjects of school learning, to whom the 
ordinary lessons appear as so much dull mechanical 
work, are at once stirred to intellectual activity when the 
teaching of this or of that science is presented to them. 
The second use is the more distinctly “ educational,” 
training use. 

The minds of the young being, happily, differently 
constituted, one mind is especially “awakened” by one 
branch of knowledge, another by another. One boy or 
girl dates the beginning of his or her intellectual activity 
from the day on which he or she had a first lesson in 
chemistry. Another starts in the same way with botany. 
And the number of those to whom physiology thus serves 
as “ awakening ” knowledge,is, it seems to me, sufficiently 
great to render it desirable, by the introduction of the 
teaching of physiology into schools, to afford adequate 
opportunities for its exercising this benefical effect. 

It follows that, taught from this point of view, phy¬ 
siology should be taught as a new independent subject, 
not demanding any previous knowledge ; it should be 
presented as a wholly new field into which the natural 
mind may wander at will without any restrictions as to 
being qualified for entrance. It also follows that the 
teaching must be of a most elementary kind, that as 
much of chemistry or physics as is necessary for the 
comprehension of the physiological matters should be 
taught with the physiology, and, as it were, as a part of 
it, the pupil being led into chemistry and physics by his 
interest in physiology, and not being compelled to learn 
the one for which he or she perhaps does not, at present 
at least, care before beginning the other. 

The instruction given, however elementary it may be, 
should consist in part of demonstrations and practical 
exercises. I need not enumerate these in detail, but 
they must necessarily be limited in scope ; the dissec¬ 
tion of a rabbit or some other animal to show structure, 
some little microscopic work, such as the microscopic 
study of the blood and of a few tissues, the examination 
of the structure and working of the heart, the mechanics 
and elementary chemistry of breathing, and the iike. 
But all these demonstrations, like the rest of the teach¬ 
ing, I may repeat, should teach so much of chemistry, 
of mechanics, &c., as is needed, as a part of the 
physiological lesson. 

As an “ awakening” study, I am in favour of physi¬ 
ology being very widely taught; but, as almost neces¬ 
sarily follows from the view on which I have been 
dwelling, it ought not to be made a compulsory study. 
Made compulsory, it would as an awakening study lose 
much of its virtues. I do not hide from myself the fact 
that the present gross ignorance which prevails among 
most men and women as to the most elementary facts 
concerning their own bodies is most undesirable, espe¬ 
cially perhaps as regards women ; but I am most de¬ 
cidedly of opinion that it is better to meet this evil by 
encouraging the study of physiology than by making it 
compulsory. 

Physiology, as a distinctly educational study, as a 
training for the mind, is a very different matter ; and it 
is, in my opinion, in this aspect unsuitable for schools. 
The training for the mind which physiology affords is 
one, I venture to think, of no small value, but is one 


1 A short time ago, on my consulting him on behalf of a com mittee 
appointed by the Headmasters' Association, to draft regulations for major 
scholarships’ examinations, Prof. Michaet Poster was good, enough to give 
me this statement of his opinion on the teaching of physiology in schools— 
a subject of great importance, but of great difficulty, regarding which much 
misconception prevails: it appears to me to be so valuable, that I have 
sought for and obtained his permission to publish it.— Henry E. Arm¬ 
strong. 
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